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缩略词 英文全称 中文全称 
   
ARDRA amplified ribosomal DNA restrictive analysis 扩增核糖体 DNA 限制分析 
BLAST basic local alignment search tool 局部对比基本检索工具 
bp base pair 碱基对 
CCP cell cycle protein 细胞周期相关蛋白 
Chl a chlorophyll a 叶绿素 a 
CTAB    cetyl trimethyl ammonium bromide 溴化十六烷三甲基铵 
DAD photodiode array detector  光电二极管阵列检测器 
DAPI 4',6'-diamidino-2-phenylindole hydrochloride 4,6-联脒-2-苯基吲哚 
DGGE denaturing gradient gel electrophoresis 变性梯度凝胶电泳 
DMF    dimethyl formamide 二甲基甲酰胺 
DNA deoxyribonucleic acid 脱氧核糖核酸 
dNTP deoxynucleoside triphosphate 三磷酸脱氧核苷 
EDTA ethylenediaminetetraacetic acid 乙二胺四乙酸 
EFM epifluorescence microscopy 落射荧光显微镜 
FAM carboxyfluorescein-6-succimidyl ester 6 -羧基荧光素 
FCM flow cytometry 流式细胞仪 
FISH fluorescence in situ hybridization 荧光原位杂交 
FITC fluorescein isothiacyanate 异硫氰酸荧光素 
FlowCAM flow cytometer and microscope 流式细胞计数显微镜 
Fuco fucoxanthin 岩藻黄素 
HAB Harmful algal bloom 有害藻华（赤潮） 
HPLC high performance liquid chromatography 高效液相色谱 
ITS internal transcribed spacers 转录间隔区 
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lectin lectin 细胞凝集素 
LSU large ribosomal subunit RNA 核糖体大亚基 
MAPK mitogen-activated protein kinase 有丝分裂原激活蛋白激酶 
MAR microautoradiography 放射自显影技术 
MW molecular weight 分子量 
OTUs operational taxonomic units 分类学单元 
PBS phosphate buffered saline solution 磷酸盐缓冲液 
PCR polymerase chain reaction 聚合酶链式反应 
PCNA proliferating cell nuclear antigen 细胞增殖核抗原 
PNA peptide nucleic acid 肽核酸 
RAPD    random amplified polymorphic dna 随机扩增多态性 
RFLP    restriction fragment length polymorphism  限制性片段长度多态性 
RISA rDNA internal sequence analysis rDNA 间隔区序列分析 
RNA ribonucleic acid 核糖核酸 
rpm round per minute 转每分 
rRNA ribosomal RNA 核糖体 RNA 
RT-PCR reverse transcriptase PCR 反转录 PCR 技术 
SDS sodium dodecylsulfate 十二烷基磺酸钠 
SEM scanning electron microscope 扫描电子显微镜 
SFM spectrofluorometer 荧光分光光度计 
SHA sandwich hybridization analysis 三明治杂交分析技术 
SSU small ribosomal subunit RNA 核糖体小亚基 
TAE tris-acetic acid-EDTA buffer TAE 缓冲液 
TE tris-EDTA buffer TE 缓冲液 
TEM transmission electron microscope 透射电子显微镜 
tR retention time 保留时间 
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于 28S rRNA 的 D1、D2 区序列分析，可以提供相对准确的分类信息，为设计分子
探针提供了依据；AP-PCR 是以基因组的差异分析为基础，所以其分类信息较为
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（Prorocentrum minimum）和 T. pulchellum 各设计了 4 条特异性 DNA 探针，建立
了基于 PCR 管载体的荧光原位杂交检测方法。各探针的标记效果有一定差异，针
对微小原甲藻特异性探针的杂交效率为：PM18S02 > PM28S02 > PM28S01 > 
PM18S01。针对 T. pulchellum 特异性探针的杂交效率为：TP18S02 > TP28S01 > 
TP28S02 > TP18S01。 
4．在上述工作基础上，使用相关软件辅助探针设计获得了 T. pulchellum 的





5．用肽核酸探针结合 FCM 方法测定了 T. pulchellum 单细胞的 rRNA 含量，
表明不同生长时期的单细胞 rRNA 含量与比生长率之间的相关性较好(r2 = 
0.7293，P < 0.01，n = 14)。结果提示 T. pulchellum 单细胞 rRNA 含量的变化可以
作为指示细胞比生长率变化的较好指标。 
6．采用 14 种 FITC 标记的细胞凝集素（lectin）探针结合 FCM、荧光显微镜、
荧光分光光度计三种定性、定量检测手段对中国海域 23 株典型的有害赤潮生物
进行了检测验证，发现 SBA、WGA、GSL I、DBA 和 PHA-E 能通过不同的结合
特性区分形态相似的裸甲藻如米氏凯伦藻（Karenia mikimotoi）GMDH01，T. 
pulchellum (TPXM01)以及裸甲藻 GspXM01。FCM 和荧光分光光度计的定量测定
使细胞凝集素能区分更多同种的不同细胞株，如 RCA120 可以区分产毒水平不同
的 AspGX01 和 AspGX02。用 WGA 可以把目标裸甲藻 GspXM01 和 TPXM01 分
别从米氏凯伦藻、东海原甲藻（P. donghaiense）、微小原甲藻（PMDH01，PMXM01）
等组成的混合样品中区分开来。 
























Harmful Algal Blooms (HABs) Harmful Algal Blooms (HABs) are increasing 
globally. Aimed directly at rapid classification and identification of HABs species, this 
dissertation developed the essential methods of classification and identification of 
HABs species, and evaluated new methods for rapidly identifying and classifying 
HABs species using morphology, molecular taxonomy, chemotaxonomy and in situ 
growth rate methods. Meanwhile, series of studies were also undertaken to design, 
screen, and test the molecular probes, including lectin, oligonucleotide and peptide 
nucleotide acid probes. Corresponding to the three probes described above, the 
application protocols were evaluated both in the laboratory and in the field.. The main 
results are as follows: 
 
1. The methods used for collecting samples and establishing specific HAB 
cultures are described in detail. Methods of SEM (scanning electron microscope) and 
ESEM (environmental scanning electron microscope) for Gymnodinium were 
developed and optimized. MultisizerTM 3 Coulter counter was found to be accurate, 
and more reliable for HABs cell enumeration. The responses of phytoplankton under 
different nutrient limitation depended on their groups. It was possible to use 
fluorescence intensity for indicating algal physiological status and nutrient variations 
in batch cultures, however, different results might be given by using HPLC and in-vivo 
fluorescence protocols. 
2. Chemotaxonomy based on pigment analysis could be used to identify HABs 
species belonging to different genera and also different strains belonging to the same 
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classifying these HABs species. Cluster analysis based on pigment components and its 
ratios to Chla could be used to indicate the relationship of these HABs species. 
Molecular taxonomy based on the species-specific PCR product assays indicated that 
the rDNA sequence analysis identified HAB species more accurately than DGGE 
analysis of sequences of 18S rRNA. For rDNA analysis, length and sequence analysis 
of internal transcribed spacers (ITS) and D1、D2 domain of the 28S rRNA could offer 
more accurate taxonomy information than other molecular taxonomy techniques. Of 
the rDNA regions examined, the ITS and the D1-D2 domain of the 28S rRNA were the 
most variable between species. These regions contained a number of unique sequences 
that could be used for designing species-specific molecular probes and for molecular 
taxonomy. AP-PCR classified species on the basis of genomic differences provided 
more classification information than the above methods. A dendrogram derived from 
analysis of ITS sequence of 22 species (strains) showed that Takayama pulchellum was 
clearly distinct from the other Gymnodinium species examined. Phylogenetic tree 
constructed using region of LSU (large subunit) rDNA of 20 species similarly showed 
that Takayama could be separated from Karlodinium genus, but that Gyrodinium could 
not be distinguished from other Gymnodinium species. A dendrogram derived from 
SSU (small subunit) rDNA sequence could not separate these related Gymnodinium 
genera clearly. 
3. Using the SSU and LSU rDNA sequence data, eight DNA probes were 
designed, which were respectively specific for Prorocentrum minimum and T. 
pulchellum isolated from Xiamen Waters. Additional fluorescence in situ hybridization 
probes were developed. Some differences in the labeling efficiency among these 
probes were observed. The hybridization efficiency of different probes specific to P. 
minimum were in order: PM18S02 > PM28S02 > PM28S01 > PM18S01. The 















TP18S02 > TP28S01 > TP28S02 > TP18S01.  
4. PNA probes for T. pulchellum were designed by using software and LSU 
rDNA sequence data. The name and sequence composition of the PNA probe selected 
were PNATP28S01 and [Flu]-OO ATG CCA TCT CAA GA, respectively.Using PNA 
probe integrated with fluorescence in situ hybridization or whole cell hybridization 
assays based upon PCR tubes, the mixed algal samples and HABs samples from 
Xiamen Waters were detected with flow cytometry (FCM), epifluorescence 
microscopy (EFM). The results indicated that PNA probe showed a specific binding 
with the target HABs species (TPXM01) in mixed samples and the samples from 
Xiamen Waters, without any crossing reaction with other HABs species. PNA probe 
was better than DNA-based probes to detect HABs species, providing greater signal 
instensity, better binding efficiency and reducing hybridization time. The results 
showed that PNA probes were suitable for detecting the natural and mixing HABs 
samples. 
5. Cellular rRNA of T. pulchellum was detected by using PNA probes combined 
with FCM, the result showed that cellular rRNA levels in different growth periods 
were well correlated with its corresponding growth rates (R2 = 0.7293, P < 0.01, n = 
14).The results suggested that cellular rRNA level was a good indicator to analyze cell 
growth rate of T. pulchellum. 
6. To test lectin as a tool for differentiation of HABs species, 14 
FITC-conjugated lectins were used to test 14 HABs species and 23 strains by FCM, 
EFM and spectrofluorometer (SFM). Lectin probes SBA, WGA, GSLI, DBA and 
PHA-E could distinguish these morphologically similar Gymnodinium species, such as 
Karenia mikimotoi (GMDH01), T. pulchellum (TPXM01), and Gymnodinium sp. 
(GspXM01) by their different binding activities. With precise quantitative 
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